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(54) Add-compare selection circuit for a Viterbi decoder 



(57) A high-speed add-compare selection appara- 
tus, for a Viterbi algorithm processing apparatus having 
a branch metric or Euclidean calculator and a metric 
memory, is described. First and second previous metric 
values are supplied from the metric memory to first and 
second registers. The first previous metric value from 
the first register and a branch metric or Euclidean value 



of the present state calculated by the branch metric or 
Euclidean calculator are added, as are the second pre- 
vious metric value from the second register and a 
branch metric value of the next state calculated by the 
branch metric calculator. The values obtained are com- 
pared and a survival metric value calculated according- 
ly. 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to an apparatus and method for processing a Viterbi algorithm for example in 
a digital mobile communications system. 

[0002] Viterbi algorithms can easily be used to implement a sequence determining method modelling a Gaussian 
channel. Conventionally, Viterbi algorithms are widely used owing to their excellent error correction rates. In Viterbi 
decoding, the distance of a received set of data to the data of all other possible paths on a trellis (each node of the 

io trellis in a cycle "n° representing a state of the received set of data in that cycle) is determined and the possible path 
closest to the received path is selected. Once a surviving path has been decided upon, the corresponding sequence 
of bits, now decoded, can be traced back along this path. However, it does involve a lot of calculations and implemen- 
tation time. In particular, the add-compare select (ACS) portion and trace-back portion require the greatest amount of 
time. If a constraint length U K" is applied in a convolutional encoder, the number of states, calculated by the ACS portion, 

15 is determined. Also, the path length of the trace-back portion, determined by simulation, plays an important role in 
determining the performance of a Viterbi algorithm. 

[0003] I n various mobile communication terminals which use TDMA, such as GSM, which is a European digital mobile 
communications standard, since the time for processing received data is predetermined, the Viterbi algorithm must be 
as fast as possible. For example, since a TDMA cycle of the GSM system is limited to 4.615 ms, it is most important 

20 to secure a time margin for the purpose of achieving stable operation. 

[0004] Recently, baseband systems have often been implemented by a DSR However, since the Viterbi algorithm 
processing portion requires a lot of calculations and fast processing speed, a separate co-processing system is nec- 
essary. Although the Viterbi algorithm is determined in advance as described above, there is still the possibility of 
improvements in design which increase speed and efficiency. 

25 [0005] FIG. 1 is a block diagram of a conventional Viterbi decoder. A branch metric calculator (BMC) 1 receives a 
digital signal and calculates a branch metric value as probabilistic information. An add-compare selector (ACS) 2b 
inputs the branch metric value from the BMC 1 and updates a previous path metric corresponding to each state in a 
trellis, using the input branch metric value. The ACS 2b compares the updated path metrics with each other to determine 
the most likely one and outputs a selected path metric and a determining bit. In a metric memory 3b, the path metric 

30 selected by the ACS 2b is fed back to the ACS 2b in a subsequent step. A path memory 4b stores the determining bit 
output from the ACS 2b. A trace-back controller 5b implements a trace-back operation using the determining bit stored 
in the path memory 4b and traces back the sequence of original information. 

[0006] The conventional design of the ACS 2b will now be described. For the sake of explanation, an example of 4 
states will be used. It is necessary to trace the most likely metric in the Viterbi algorithm for searching proper data ie 
35 for determining the most likely correct data from the received data. The following formula is used for calculating a 
survival metric in the Viterbi algorithm over four states (00,01,10,11): 

M n ,s0 =max(M n . 1 p0 + bmd^ • M n _., p1 + bmc2 p1 s0 ) 

40 

M n ,s1 =max(M n _ 1 p2 + bmc1 p2 s1 • M n-1 p3 + bmc2 p3 s1 ) 
4S M n» s2 =rnax(M n . 1 p0 + bmd^ • M n _., p1 + bmc2 p1 s2 ) 

M n ,s3 =max(M n . 1 p2 + bmd p2 s3 • M^/ 3 + bmc2 p3 s3 ) 

so where M implies the survival metric of two metric values, M^ p° is an (n-1)th cycle survival metric for the 00 state, 
M n-1 p 1 is an (n-1)th cycle survival metric for the 01 state and so on; MnsO is the selected survival metric for the nth 
cycle in the 00 state, Mnsl is the selected survival metric for the nth cycle in the 11 state, etc.; and bmc1P° s0 represents 
a first branch metric value (transition probability) to a state sO (ie 00 in this case) from a state pO (also 00 in this case) 
and bmc2P 1 s0 represents a second branch metric value to a state sO but from a p1 (ie 11 state in this case). 

ss [0007] The BMC 1 b generates the same metric value as that of the convolutional encoder and obtains the difference 
from received data. Thus, the survival metric of the present state is the larger value of two values, i.e., a previous metric 
value and a value obtained by adding the previous metric value and the survival metric of the present state. To this 
end, at least two adders and a comparator are necessary. 
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[0008] To calculate the metric value of the present state, the previous metric value stored in the metric memory 3b 
is read and compared with a value obtained by adding the read metric value and the present metric value. Then the 
most similar value to the transmitted value is searched. 

[0009] FIG. 2 illustrates metric values of the respective states and calculated branch metric values for calculating 
the survival metric of the Viterbi algorithm. As shown, to calculate the metric value of a state 00, the previous metric 
value M n _-, p° is read. Then, a value obtained by adding the same to bmc1P° s0 is compared with a value obtained by 
adding p 1 to bmc2P 1 s0 . Of the two values, the larger value is determined as the survival metric (M n ,s0) of the state 
00. Thus, to obtain one survival metric value, 2 cycles are required in each state just for reading the previous metric 
values. In other words, to calculate the survival metric value, the previous metric values 0 and 1 must be read in the 
state 00, and the previous metric values 2 and 3 must be read in the state 01 . When repeating such operation, 8 cycles 
are required only for reading the previous metric values to calculate the survival metric values in the case of four states. 
[001 0] However, according to this method, since the memory must frequently be accessed, high power consumption 
occurs. Also, since many clocks are used, this method is not suitable for high speed Viterbi algorithm implementation, 
such as GSM. 

[0011] In the meantime, such a Viterbi algorithm processing apparatus is used for both a Viterbi equalizer and a 
Viterbi decoder. FIG. 3A illustrates a block diagram of a Viterbi algorithm processing apparatus included in the Viterbi 
equalizer, and FIG. 3B illustrates a block diagram of the Viterbi equalizer including the Viterbi algorithm processing 
apparatus. 

[0012] Referring to FIG. 3B, an impulse response estimator 20 receives input data and measures a channel impulse 
response of the received data. A filter 10 is implemented by a finite impulse response (FIR) Filter designed to have 
the maximum signal-to-noise ratio at the output terminal at a particular time. The filter 10 is a matched filter which 
multiplies a reversal of the channel impulse response input from the impulse response estimator 20 by the received 
data and then time-shifts the multiplied value. A Viterbi algorithm processing apparatus 25 receives the data output 
from the filter 10 and the channel impulse response from the impulse response estimator 10 and performs the Viterbi 
algorithm for equalization. A demodulator 40 MSK demodulates data output from the Viterbi algorithm processing 
apparatus 25. A reliability calculator 50 calculates a reliability of the data processed in the Viterbi algorithm processing 
apparatus 25. 

[0013] Such a Viterbi equalizer can be implemented by a DSP (Digital Signal Processor) or by hardware (eg, an 
equalizer processor or a VLSI). However, when realized by the DSP, the Viterbi equalizer has the increased calculations 
for Euclidean distance of the Viterbi algorithm, and the increased bit operations at the ACS and trace-back portions, 
causing numerous manipulations and increasing the power consumption. In addition, to satisfy the system timing, some 
DSP makers provide coprocessors. When realized by hardware, multipliers, dividers and adders are required according 
to the characteristics of the filter or the Viterbi algorithm, raising a complexity problem. Also, when the Viterbi equalizer 
is implemented by an ASIC (Application Specific Integrated Circuit), there may be raised a chip size problem. 

Summary of the Invention 

[001 4] An objective of the present invention is to provide an apparatus and method for processing a Viterbi algorithm 
in a Viterbi decoder, which increases the processing speed of an ACS portion requiring a large quantity of calculation, 
thus reducing power consumption. 

[0015] Another objective of the present invention is to provide a small high-speed Viterbi algorithm processing ap- 
paratus by divisionally designing the Viterbi algorithm into a portion to be processed by a digital signal processor and 
another portion to be processed by hardware according to the contents of the algorithm so as to increase the efficiency. 
[0016] Accordingly the invention provides a high-speed add-compare selection apparatus, for a Viterbi algorithm 
processing apparatus having a branch metric calculator or a Euclidean value calculator or the like and a metric memory, 
comprising: 

first and second registers; 

means for supplying to the first and second registers first and second previous metric values from the metric 
memory; 

a first adder for adding the first previous metric value from the first register and a branch metric value or a Euclidean 
value or the like of the present state calculated by the calculator; 

a second adder for adding the second previous metric value from the second register and a branch metric value 
or a Euclidean value or the like of the next state calculated by the calculator; and 

a comparator for comparing the outputs of the first and second adders and calculating a survival metric value 
accordingly. 



[0017] Preferably, the means for supplying the first and second previous metric values to the first and second registers 
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comprises means for supplying to the first register a first previous metric value from the second register and for supplying 
to the second register a second previous metric value. 

[0018] Preferably, the first and second metric values are Hamming distances. 
[0019] Preferably, the first and second metric values are Euclidean distances. 

[0020] Preferably, the first adder is for adding the first previous metric value input from the first register to a Euclidean 
value of a next state calculated by the Euclidean value calculator and the second adder is for adding the second 
previous metric value input from the second register to the Euclidean value of the next state calculated by the Euclidean 
value calculator. 

[0021] In a still further aspect of the invention there is provided a Viterbi algorithm processing method for use in a 
processing apparatus having a branch metric calculator or a Euclidean value calculator or the like and a metric memory, 
comprising: 

supplying to first and second registers first and second previous metric values from the metric memory; 
calculating a first survival metric value of a present state using the first and second previous metric values from 
the first and second registers, a branch metric value or Euclidean value or the like of the present state calculated 
by the calculator and a branch metric value or Euclidean value or the like of the next state calculated by the 
calculator; 

calculating a second survival metric value of another present state using the first and second previous metric 
values from the first and second registers, a branch metric value or a Euclidean value or the like of the present 
state calculated by the calculator and a branch metric value or a Euclidean value or the like of the next state 
calculated by the calculator; 

supplying to the first and second registers third and fourth previous metric values from the metric memory; and 
calculating a third survival metric value of another present state using the third and fourth previous metric values 
from the first and second registers, a branch metric value or Euclidean value or the like of the present state cal- 
culated by the calculator and a branch metric value or a Euclidean value or the like of the next state calculated by 
the calculator. 

[0022] In a further aspect of the invention there is provided a Viterbi algorithm processing method comprising: 

calculating a fourth survival metric value of another present state using the third and fourth previous metric values 
from the first and second registers, a branch metric value or Euclidean value or the like of the present state calculated 
by the branch metric calculator and a branch metric value or Euclidean value or the like of the next state calculated by 
the calculator. 

[0023] The survival metric values of the present states may be calculated by: 

adding the previous metric value from the first register and a branch metric value or Euclidean value or the like of 
the present state calculated by the calculator to provide a first added value; 

adding the previous metric value from the second register and a branch metric value or a Euclidean value or the 
like of the next state calculated by the calculator to provide a second added value; and 
comparing the first and second added values and calculating a survival metric value accordingly. 

[0024] In a further aspect of the invention there is provided a Viterbi algorithm processing method for use in a process- 
ing apparatus having a branch metric or Euclidean value calculator or the like, a metric memory, first and second 
registers and an add-compare selector for comparing a value obtained by adding a first previous metric value to a 
branch metric or Euclidean value or the like of a present state calculated by the calculator with a value obtained by 
adding a second metric value to a branch metric, Euclidean value or the like of a next state calculated by the calculator 
to determine a higher value of them as a survival metric, comprising the steps of: 

(a) reading the first and second previous metric values from the metric memory and storing the read values in the 
first and second registers to calculate a metric value of the present state; 

(b) calculating a metric value of another present state using the first and second previous metric values of the first 
and second registers; and, preferably, 

(c) returning to said step (a) to calculate a metric value of another present state using a previous metric value 
being different from the first and second metric values of the first and second registers. 

[0025] In a further aspect of the invention there is provided a Viterbi algorithm processing method for use in an add- 
compare selector having first and second registers, a branch metric or Euclidean value calculator or the like and a 
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metric memory, comprising the steps of: 

(a) reading n-th (where n = 1, 2, 3,....) and (n+1)-th previous metric values from the metric memory and storing 
the read values in the first and second registers; 

(b) comparing a value obtained by adding the n-th previous metric value stored in the first register to a branch 
metric value, Euclidean value or the like of the present state calculated by the calculator with a value obtained by 
adding the (n+1)-th previous metric value stored in the second register to a branch metric, Euclidean value or the 
like of a next state calculated by the calculator so as to determine a higher value of them as an n-th survival metric; 

(c) comparing a value obtained by adding the n-th previous metric value stored in the second register to another 
branch metric or Euclidean value or the like of the present state calculated by the calculator with a value obtained 
by adding the (n+1)-th previous metric value stored in the second register to another branch metric value or Eu- 
clidean value or the like of the next state calculated by the calculator so as to determine a higher value of them 
as an (n+t)-th survival metric; and 

(d) increasing n by one and returning to said step (a) to process the Viterbi algorithm for another present state. 

[0026] In a further aspect of the invention there is provided a Viterbi equalizer comprising: 

a Viterbi pre-processing portion for estimating a channel impulse response from received data and for filtering the 
data using the impulse response using a digital signal processor; and 

a Viterbi algorithm processing apparatus for performing a Viterbi algorithm for equalization of the filtered data and 
the estimated channel impulse response provided from the viterbi pre-processing portion. 

[0027] Preferably, the pre-processing portion multiplies a reversal of the estimated channel impedance response by 
the received data, and time-shifts the multiplied result. 

[0028] Preferably, a Viterbi equalizer comprises a high speed add-compare selection apparatus as described herein. 
Brief Description of the Drawings 

[0029] The present invention will now be described by way of example with reference to the accompanying drawings 
in which: 

[0030] FIG. 1 is a block diagram of a conventional Viterbi decoder. 

[0031] FIG. 2 illustrates metric values of each state and calculated branch metric values for calculating the survival 
metric of a Viterbi algorithm. 

[0032] FIG. 3A is a block diagram of a Viterbi algorithm processing apparatus included in the Viterbi equalizer. 
[0033] FIG. 3B is a block diagram of the Viterbi equalizer including the Viterbi algorithm processing apparatus of 
FIG. 3A. 

[0034] FIG. 4 is a schematic diagram of an add-compare selector of a Viterbi decoder according to a preferred 
embodiment of the present invention. 

[0035] FIG. 5 is an operational timing diagram according to a preferred embodiment of the present invention. 
[0036] FIG. 6 is a diagram for explaining how to implement the viterbi equalizer according to an embodiment of the 
present invention. 

Detailed Description of the Preferred Embodiment 

[0037] FIG. 4 is a schematic diagram of an add-compare selector of a Viterbi decoder according to a preferred 
embodiment of the present invention. In FIG. 4, by replacing bmd and bmc2 with edd and edc2, it is possible to 
implement the ACS of a Viterbi equalizer. 

[0038] The add-compare selector of FIG. 4 includes a register portion 10 comprising a second register 1 0B for storing 
a predetermined previous metric value read from the metric memory 3b shown in FIG. 1 and a first register 10A for 
storing the previous metric value shifted and input from the second register 1 0B. A first adder 30 adds the first previous 
metric value input from the first register 1 0A to a calculated branch metric value bmcl of the present state, output from 
the BMC shown in FIG. 1. A second adder 35 adds the second previous metric value input from the second register 
1 0B to a calculated branch metric value bmc2 of the next state, also output from the BMC shown in FIG. 1 . A comparator 
40 compares the outputs of the first and second adders 30 and 35 to determine the larger value as the survival metric, 
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i.e., the present metric value PM2. 

[0039] The first and second branch metric values bmcl and bmc2 may be Euclidian distances in an equalizer or 
Hamming distances in a convolutional decoder. The BMC 1b shown in FIG. 1 , used in the present invention, obtains 
the difference between received data and predetermined transmitted data, which is the first and second branch metric 
s values bmcl and bmc2. 

[0040] The previous metric value PM1 is read from the metric memory 3b. The number and length of the states may 
be changed according to use. Also, the size of the first and second registers 10A and 10B and the first and second 
adders 30 and 35 are determined accordingly. 

[0041] As expressed in the above formula, in the case of a state 00, the previous metric value M^., p° is read. Then, 
io the value obtained by adding the read value with bmc1P° s0 are compared with the value obtained by adding metric 
value M n .-| p1 , in effect the probability of being in a state p1(01) in the (n-1)th cycle having followed a given path, and 
bmc2P 1 s0 , the probability of a transition to state s0(00) from state p1 (01 ). Of the two values, the larger value is deter- 
mined as the survival metric M n ,s0 of the state 00. 

[0042] The information indicating which of the two survives, i.e., a determining bit, is generated by the comparator 
is 40. The determining bit (SEL) is stored in the path memory 4b and is to be used later in tracing back data. 

[0043] The gist of the present invention is in that the data, and in particular previous metric values, such as Mp^ p°, 
is read from a previous metric memory and stored in the register portion 10 to be used in calculating the next state, 
without the need to use the same memory repeatedly Referring to FIG. 2, the metric values of the previous states 00 
and 01 are read in both of the present states 00 and 1 0, respectively. Therefore, the sequence of calculating the present 
so metric states is from 00 to 10 to 01 to 11 , unlike the conventional sequence from 00 to 01 to 10 to 11 . In other words, 
the sequence of reading the previous metric memory is from the state 00 to 01 (for present state 00) to 00 to 01 (for 
present state 1 0) to 1 0 to 1 1 (for present state 0 1 ) to 1 0 to 1 1 (for present state 1 1 ). Thus, the metric values corresponding 
to the previous states 00 and 01 read from the metric memory 3b are latched to the first and second registers 1 0B and 
10A of the register portion 10 respectively and then the ACS values of the present states 00 and 10 are sequentially 
25 calculated. Thus, after calculating the present state 00, the metric values corresponding to the previous states 00 and 
01 are read from the first and second registers 10B and 10A, thus calculating the ACS output value of the present state 
10, without the need to read the metric memory 3b again. 

[0044] The metric values of the previous states 10 and 11 are latched from the metric memory 3b and then stored 
in the first and second registers 10B and 10A. Then, the present states 01 and 11 are sequentially calculated in a 
so similar manner to that described above. Thus, the number of times the previous metric values are read from the metric 
memory 3b is reduced from 8 times to 4 times. 

[0045] FIG. 5 is an operational timing diagram according to a preferred embodiment of the present invention, in which 
FIG. 5A illustrates the sequence of reading previous metric values from the metric memory 3b, FIG. 5B illustrates the 
value of the first register 10B in the register portion 10, FIG. 5C illustrates the value of the second register 10A, FIG. 
35 5D illustrates the value of bmcl, FIG. 5E illustrates the value of bmc2 and FIG. 5F illustrates the present metric value 
stored in the path memory 4b. 

[0046] As shown by periods T1 and T2 in FIG. 5A, the metric values M n _.,P 0 and M n _., p1 for the previous states 00 
and 01 are sequentially read from the metric memory 3b. Then, as shown by block T1 in FIG. 5B and block T2 in FIG. 
5C, the values read are stored in the first and second registers 10A and 10B respectively. As shown by block T1 in 
40 FIGs. 5D and 5E, using the values bmd p° s0 and bmc2 p1 s0 , calculated by the BMC 1 b, the ACS values are calculated 
based on the above formula (1 ). The resulting present metric value of the present state 00 is M^sO, as shown by blocks 
T1 and T2 in FIG. 5F. 

[0047] Next, the metric values M n _., p° and M n .-, p 1 for the previous states 00 and 01 , stored in the first and second 
registers 10B and 10A, and the values bmdP 0 ^ and bmc2 p1 s2 , calculated by the BMC 1b and shown by block T3 in 
45 FIGs. 5D and 5E, are used to calculate the ACS values based on the above formula (1). The resulting present metric 
value of the present state 1 0 is M n ,s2, as shown by block T3 in FIG. 5F. 

[0048] As shown by blocks T4 and T5 in FIG. 4A, the metric values M n-1 p 2 and M n _., p 3 for the previous states 1 0 and 
1 1 are sequentially read from the metric memory 3b. Then, as shown by block T4 in FIG. 5B and block T5 in FIG. 5C, 
the values read are stored in the first and second registers 10A and 10B respectively As shown by block T4 in FIGs. 
so 5Dand5E t using the values bmc1P° s0 and bmc2P 1 s0 , calculated by the BMC 1b, the ACS values are calculated based 
on the above formula (1). The resulting present metric value of the present state 01 is M n ,s1 , as shown by blocks T4 
and T5 in FIG. 5F. 

[0049] Next, the metric values M n-1 p 2 and M,^ p 3 for the previous states 10 and 11 , stored in the first and second 
registers 10B and 10A, and the values bmc1P 2 s3 and bmc2P 3 s3 , calculated by the BMC 1b and shown by block T6 in 
FIGs. 5D and 5E, the ACS values are calculated based on the above formula (1 ). The resulting present metric value 
of the present state 11 is M n ,s3, as shown by block T6 in FIG. 5R 

[0050] In conclusion, as described above, the sequence of calculating the present metric values is changed, i.e., 00 
to 1 0 to 01 to 11 . Thus, when obtaining the metric values of the present states 10 and 11 , it is not necessary to access 
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the memory again to read the previous metric values. Instead, the previous metric values read for obtaining the metric 
values of the present states 00 and 01 are used, thus saving time. 

[0051] In other words, in the case of four slates, the number of times the metric memory 3b is read is conventionally 
8 times, but 4 times according to the present invention. Also, the number of overall required clocks is reduced by 2 
clock cycles. Thus, 8 clock cycles are required conventionally, but only 6 clock cycles are required according to the 
present invention. The blocks T1 through T6 correspond to unit clock cycles 

l? 52 ^ F L G ;u 6 illustr f tes an apiary Viterbi equalizer according to an embodiment of the present invention The 
filter 10 and the impulse response estimater 20 represented by a block 100 is a preprocessing portion and is imple- 
mented by the DSP. A portion represented by reference numeral 200 is a pure Viterbi algorithm processing portion 
and is implemented by hardware. 3 K 

L°^ 3 ,L '?J? G " thS Werbi a, 9° rithm Pressing apparatus 25 has the same structure as that shown in FIG 3B An 
(Euclidian Distance Calculation) la in FIG. 3A implements the known calculations given by 

«*•&-«, =k-r,f f =[*(0-*(r,f )] 2 +[/(r.)- JOjf )] 

«fc&-,. 3) =K -tfl 2 «[*(0-*« 2 )] a +[/(0-/(r f f )] 

=k-tff -[*(l)--R«')] a +[/(rJ-/(r j ;»)] 

=k-tff =[*(>;) )f )] 

where R is a real number, I is an imaginary number, r n is received data, and r„pi and r n P* are reference data 
[0054] To Perform the Euclidian calculation, the EDC 1 a requires subtracters, multipliers and adders. After Euclidian 
calculation, the ACS 2a performs the known add-compares calculation given by 

M n ,s0 = min(M n . 1 p0 + edc1 p ° s0 , M n ., p1 + edc2 p1 „,) 
M„,s1 = minCM,,./ 2 + edcl p2 s1 , M n . 1 ^ + edc2 p1 sl ) 
M n ,s2 = min(M n . 1 p0 + edd^, m^" 1 + edc2 p1 s2 ) 

M„,s3 = min(M n .., p2 + edd p2 s3 , M n ., p3 + edc2 p1 s3 ) 

[0055] The order in which these calculations can be carried out can be the same as described in connection with 
branch metric calculators. Indeed by replacing bmcl and bmc2 with edd and edc2, the apparatus of fig 4 can be used 
for this purpose. 

[0056] For the add-compare calculation, the ACS 2a requires adders and comparators. Like the Euclidian calculation 
m 9 n hITT Cacu,a1lon also rec * uires calculations (additions) twice in the respective states ie to calculate the 
M„s0 and M n s2 or M n s1 and M n s3. Therefore, it is possible to increase the data processing speed by implementing 
EeSS Zl^l th! "y hardware to operate in parallel. In other words, the conventional apparatus implemented by 
he DSP performs the calculations in sequence, which takes more time, as compared with the case where the calcu- 
lations are performed in parallel. In the embodiment, the portion for processingthe pure Viterbi algorithm is implemented 
by hardware, so that about 1/5 cycle time is required as compared with the case where it is implemented by the DSP 
thereby reducing the power consumption and securing the time margin in implementing the system 
[0057] As descr.bed above, according to the present invention, overall Viterbi processing time can be reduced (e g 
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by 25% when using an ACS block as in the described embodiment of the present invention). In other words, instead 
of the conventional ACS calculating method, by changing the sequence of reading the memory, the overall number of 
memory accesses and memory access time can be reduced, which allows for a certain timing margin in implementing 
the system, thus increasing reliability. Also, power consumption can be reduced by reducing the number of times the 
5 memory is read. 

[0058] Furthermore, by divisionally implementing the Viterbi equalizer and the Viterbi decoder into a portion to be 
processed by the DSP and a portion to be processed by the hardware, it is possible to consider the particulars pertinent 
to the size of the mobile communication terminal at the design state. In addition, the portion implemented by hardware 
has a parallel data processing path, increasing the data processing speed. 
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Claims 

1. A high-speed add-compare selection apparatus, for a Viterbi algorithm processing apparatus having a branch 
is metric calculator or a Euclidean value calculator or the like and a metric memory, comprising: 

first and second registers; 

means for supplying to the first and second registers first and second previous metric values from the metric 
memory; 

20 a first adder for adding the first previous metric value from the first register and a branch metric value or a 

Euclidean value or the like of the present state calculated by the calculator; 

a second adder for adding the second previous metric value from the second register and a branch metric 
value or a Euclidean value or the like of the next state calculated by the calculator; and 
a comparator for comparing the outputs of the first and second adders and calculating a survival metric value 
25 accordingly. 

2. A high-speed add-compare selection apparatus according to claim 1 in which the means for supplying the first and 
second previous metric values to the first and second registers comprises means for supplying to the first register 
a first previous metric value from the second register and for supplying to the second register a second previous 

30 metric value from the metric memory. 

3. A high-speed add-compare selection apparatus according to claim 1 or claim 2 in which the first and second metric 
values are Hamming distances. 

35 4. A high-speed add-compare selection apparatus according to claim 1 or claim 2 in which the first and second metric 
values are Euclidian distances. 

5. A high-speed add-compare selection apparatus according to any preceding claim in which the first adder is for 
adding the first previous metric value input from the first register to a Euclidean value of a next state calculated by 

40 the Euclidean value calculator and the second adder is for adding the second previous metric value input from the 

second register to the Euclidean value of the next state calculated by the Euclidean value calculator. 

6. A Viterbi algorithm processing method for use in a processing apparatus having a branch metric calculator or a 
Euclidean value calculator or the like and a metric memory, comprising: 

45 

supplying to first and second registers first and second previous metric values from the metric memory; 
calculating a first survival metric value of a present state using the first and second previous metric values 
from the first and second registers, a branch metric value or Euclidean value or the like of the present state 
calculated by the calculator and a branch metric value or Euclidean value or the like of the next state calculated 
so by the calculator; 

calculating a second survival metric value of another present state using the first and second previous metric 
values from the first and second registers, a branch metric value or a Euclidean value or the like of the present 
state calculated by the calculator and a branch metric value or a Euclidean value or the like of the next state 
calculated by the calculator; 

55 supplying to the first and second registers third and fourth previous metric values from the metric memory; and 

calculating a third survival metric value of another present state using the third and fourth previous metric 
values from the first and second registers, a branch metric value or Euclidean value or the like of the present 
state calculated by the calculator and a branch metric value or a Euclidean value or the like of the next state 
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calculated by the calculator. 



7. A Viterbi algorithm processing method according to claim 6 further comprising- 

calculating a fourth survival metric value of another present state using the third and fourth previous metric 
va ues from the first and second registers, a branch metric value or Euclidean value or the like of the present state 
calculated by the branch metric calculator and a branch metric value or Euclidean value or the like of the next state 
calculated by the calculator. 

8. A Viterbi algorithm processing method according to claim 6 or claim 7 in which the survival metric values of the 
present states are calculated by: 

adding the previous metric value from the first register and a branch metric value or Euclidean value or the 
like of the present state calculated by the calculator to provide a first added value- 
adding the previous metric value from the second register and a branch metric value or a Euclidean value or 
the like of the next state calculated by the calculator to provide a second added value and 
comparing the first and second added values and calculating a survival metric value accordingly. 

9. A Viterbi algorithm processing method for use in a processing apparatus having a branch metric or Euclidean value 
ca culator or the like, a metric memory, first and second registers and an add-compare selector for comparing a 
value obtained by adding a first previous metric value to a branch metric or Euclidean value or the like of a present 
state calculated by the calculator with a value obtained by adding a second metric value to a branch metric Eu- 
clidean value or the like of a next state calculated by the calculator to determine a higher value of them as a survival 
metric, comprising the steps of: 

(a) reading the first and second previous metric values from the metric memory and storing the read values 
in the first and second registers to calculate a metric value of the present state; 

(b) calculating a metric value of another present state using the first and second previous metric values of the 
first and second registers; and 

(c) returning to said step (a) to calculate a metric value of another present state using a previous metric value 
being different from the first and second metric values of the first and second registers. 

10. A Viterbi algorithm processing method for use in an add-compare selector having first and second registers a 
branch metric or Euclidean value calculator or the like and a metric memory, comprising the steps of: 

(a) reading n-th (where n = 1 , 2, 3 ) and (n + 1 )-th previous metric values from the metric memory and storinq 

the read values in the first and second registers; 

(b) comparing a value obtained by adding the n-th previous metric value stored in the first register to a branch 
metric valve, Euclidean value or the like of the present state calculated by the calculator with a value obtained 
by adding the (n + 1)-th previous metric value stored in the second register to a branch metric, Euclidean value 
su^al me°ric- neXt 313,6 Ca ' CUlated by the calculator so as to determine a higher value of them as an n-th 

(c) comparing a value obtained by adding the n-th previous metric value stored in the second register to another 
branch metric or Euclidean value or the like of the present state calculated by the calculator with a value 
ob a.ned by adding the (n + l)-th previous metric value stored in the second register to another branch metric 
va ve or Euclidean value or the like of the next state calculated by the calculator so as to determine a higher 
value of them as an (n+1 )-th survival metric; and 

(d) increasing n by one and returning to said step (a) to process the Vrterbi algorithm for another present state. 

11. A Viterbi equalizer comprising: 

a Viterbi pre-processing portion for estimating a channel impulse response from received data and for filtering 
the data using the impulse response using a digital signal processor; and 
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a Viterbi algorithm processing apparatus for performing a Viterbi algorithm for equalization of the filtered data 
and the estimated channel impulse response provided from the Viterbi preprocessing portion. 

12. Anequalizeraccordingtoclaimllinwhichthepre-processingportionmultipliesareversaloftheestimatedchannel 
impedance response by the received data, and time-shifts the multiplied result. 

1 3. A Viterbi equalizer according to claim 11 or 1 2 comprising a high speed add-compare selection apparatus according 
to any of claims 1 to 5 or such an apparatus adapted to operate the method of any of claims 6-8. 

14. A high-speed add-compare selection apparatus, for a Viterbi algorithm processing apparatus having a branch 
drawirigf CU ' at0r * mem0ry ' 35 described with reference to and as illustrated in the accompanying 

15. A Viterbi equalizer as described with reference to and as illustrated in the accompanying drawings. 

16 ' £gs erbi a ' 9 ° rithm processin 9 method ^ described with reference to and as illustrated in the accompanying draw- 
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